Leptospirosis is a zoonotic disease spread by contact with urine from an infected animal or contaminated moist soil. The disease results in abortions and infertility in livestock; in dogs and humans, the disease is primarily a febrile one. Wild rodents serve as the primary reservoir, with some animals remaining infective as renal shedders for life (10) . The elimination of these animals is not feasible in the control of leptospirosis; therefore, the most practical approach has been to vaccinate susceptible domestic animals. Since 1950, leptospires for bacterins have been treated with phenol (2), thimerosal (11) , Formalin (1, 2, 9) , or heat ranging from 50 to 121°C (2, 14) . Live avirulent strains of leptospires have been used with moderate success (2, 5, 15 Ib/in2. A 50-pil portion of SDS-PAGE sample buffer and 2 pul of marker dye were added, and the tube was heated at 50°C for 30 min. Cells from tubes 3 through 9 were suspended in 1 ml of PBS. Tube 3 was boiled for 10 min, tube 4 was heated at 80°C for 10 min, tube 5 was heated at 56°C for 30 min, and tube 6 was heated at 50°C for 30 min. After being heated, the cells were spun down, and the pellets were resuspended in 100 pul of SDS-PAGE sample buffer-2 pul of bromphenol blue and heated at 50°C for 30 min. A 10-pul sample of phenol was added to tube 7, 10 pul of Formalin was added to tube 8, and 10 pul of a 1:100 dilution of thimerosal was added to tube 9. The tubes were vortexed and allowed to sit at room temperature for 60 min. The cells were then centrifuged, and the pellets were treated as with tubes 2 through 6. PAGE. The discontinuous SDS-PAGE method of Laemmli (12) Fig. 1 . Rabbit anti-L. interrogans serovar hardjo antiserum and goat anti-rabbit immunoglobulin G (heavy and light chain) conjugated to alkaline phosphatase were used. See legend to Fig. 1 for description of lanes. MWS, Molecular weight standards (103).
with the proteins of about 20 kDa. There was an increase in the molecular mass of proteins that reacted with the anti-L. interrogans serovar hardjo antiserum in the Formalintreated organisms. The banding patterns of thimerosal-and heat (50°C)-treated cells were very similar (Fig. 3) , even when they were treated and then washed.
Ail sera were tested in the MAT against their native homologous antigens. Heat-and chemically treated L. interrogans serovar hardjo was also tested in the MAT. When live, unwashed, untreated antigens were used, the homologous L. interrogans serovar hardjo titer was 1:25,600. Leptospires that had only been washed reacted at a titer of 1:6,400. Heating destroyed some of the reactivity, with decreases in titer corresponding to the increases in temperature. When heated at 100 or 121°C, there was no reactivity at the 1:100 dilution; at 80°C, the titer was 1:800; at 56°C, it was 1:3,200; and at 50°C, it was 1:6,400. There was no reactivity at the 1:100 dilution of the phenol-treated cells, whereas Formalin or thimerosal treatment resulted in a titer of 1:1,600. Agglutination was loose and lacy instead of compact when the leptospires were treated with Formalin or thimerosal or with heat of 80°C.
DISCUSSION
It is known that heat or chemical treatment of leptospires changes their effectiveness as vaccines. An ultrastructure study done in 1965 (18) demonstrated that phenol, Formalin, and thimerosal remove the outer envelope and damage the protoplasmic cylinder. Phenol also results in loose and broken periplasmic flagella. It is known that Formalintreated antigens have lower sensitivity and greater crossreactivity in the MAT (16) . The effect of other treatments has not been tested in the MAT, and none of these has been previously analyzed using PAGE or Western blotting.
Temperatures in excess of 56°C alter some of the antigens, as observed by SDS-PAGE with silver stain. Treating the leptospires before washing (data not shown) appeared to preserve some of the proteins, because of the presence of bovine serum albumin from the medium, but it also became very difficult to wash the bovine serum albumin off the spirochetes, especially if the preparation was boiled first. Heating at 50°C appeared to be the least disruptive to the integrity of the antigen. Even an increase to 56°C resulted in a loss of some high-molecular-weight molecules.
The effects of the three chemicals on the leptospiral antigens were quite different. With phenol treatment, the high-molecular-mass antigens were altered. Formalin altered the antigens between 29 and 45 kDa, which may account for the lack of sensitivity and specificity in the slide MAT when formalinized cells are used. Thimerosal appeared to have the smallest effect on the antigens, both in their appearance in a silver stain and by Western The data presented here, in conjunction with various vaccine studies, point out the need to use the least disruptive methods to inactivate leptospires for use as bacterins. We do not know what effect the altered antigen has on the antibodies produced and their ability to prevent renal infection. Of the methods used here, heating at 50°C and inactivation by thimerosal appeared to alter the antigens the least. The use of a protein-free medium might be helpful to eliminate any possible masking effects of the leptospiral antigens by adherence of bovine serum albumin to the spirochete, because it is almost impossible to remove all of the albumin.
